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Experimental research of gastric ulcers dates back more than 
half a century and has mainly been concerned with endeavours to 
clarify the etiology of ulcers. In spite of the relevant literature 
being almost unsurveyable, we have to state that the question 
cannot be considered definitely settled as long as different theories 
are propounded. In recent years, the peptic theory, supported by 
clinical and experimental experience, seems to have come to the 
fore, and there are no doubt other etiological factors, too. This 
is proved, for instance by knowledge gained in the recent wars, 
and by numerous clinical observations and experiments on animals. 
Ulcers should be considered a condition affecting man as a whole, 
although the dominating symptoms appear in the ventricle or in the 
duodenum. — This investigation was made with the view to gaining 
experience of the possibility of producing erosions and ulcers experi- 
mentally in the ventricle of guinea-pigs, and the time required for 
the purpose. Asit is known that various kinds of stress — under which 
production of adreno-corticotropic hormone (ACTH) is increased 
and somatotropic hormone (STH) is decreased — are often followed 
by gastro-intestinal erosions and ulcers, there seemed to be reason 
to investigate whether STH was influential in these experiments. 

A large variety of methods have been used for the purpose of 
producing erosions and ulcers in the ventricle and duodenum, 
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frequently resulting in superficial erosions with a strong tendency 
to heal spontaneously. Histamine has now been extensively used 
for more than twenty-five years. It greatly increases the secretion 
of hydrochloric acid but does not affect the secretion of mucus and 
pepsin, not to the same extent at least (27). 

What has been said about the use of various methods resulting 
in arisal of superficial erosions holds good also in numerous tests 
with histamine in aqueous solution, and, in addition, the results of 
the tests concerning the frequency of ulcers were irregular. H. Mer- 
kel’s (16) successful tests with histamine in aqueous solution should, 
however, be mentioned here. Laying bare the stomach of guinea-pigs 
by laparotomy, he was able to study the development of anemic and 
hemorrhagic erosions, and perforations arising within the experi- 
mental period, i.e. within a few hours. Furthermore, in well over 
90 per cent of his experiments, lasting 80 days on average, he pro- 
duced ulcers of chronic type. This is verified by F. Roulet’s (22) 
experiments in which he caused arisal of ulcers in 60 per cent of 
his guinea-pigs by administration of histamine for 40 to 50 days. 
— §.H. Walpole et al. (26) have introduced a new method for hista- 
mine treatment by which typical duodenal and gastric ulcers in 
cat and dog were produced. They embedded the histamine in bees- 
wax and the mixture was injected intramuscularly. With the method, 
experiments have been made on various laboratory animals, for 
instance on guinea-pigs (10). Ulcers arose in 6 of 8 guinea-pigs given 
daily intramuscular injections of a quantity equal to about 5 mg 
histamine base in beeswax. The experimental research is described 
in the extensive literature cited in the works mentioned. — Experi- 
ments with histamine in beeswax have been continued on dog and 
cat (5, 19). The method has proved to be useful and reliable. 

The Pharmaco-Dynamic Effect of Histamine. —- Br. Rose (21) summarises 
the description of the pharmaco-dynamic effect of histamine, and considers 
the following criteria satisfactory and characteristic: 1) the contracting 
effect on the smooth muscles, 2) the dilatating effect on capillaries and 
veins, 3) the increased capillar permeability, and 4) the highly increased 
glandular secretion. Unlike conditions in other animals, the arterioles in the 
splanchnic region of guinea-pigs, and of rodents in general, are contracted (8) 
and do not take part in the dilatation of the arterioles in the greater circu- 
lation (2). It is also pointed out that the pulmonary arteries contract 
(7, 3, 20). Simultaneously there occurs cramp-like contraction of the 
pronchial muscles. — In addition the blood pressure is decreased and the 
pulse rate accelerated. 
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Somatotropic Hormone (STH). — Today it is generally held that the 
hypophysis produces a hormone which is characterised by its intense 
growth-promoting qualities. This substance is not indentical with any of 
the known glandotropic hormones produced by the hypophysis, but it, 
also, has been crystallised. The increased growth does not change the 
quantitative proportions between the various organs. However, the endo- 
crine glands may not be affected by the pure growth hormone. The quality 
mentioned in this connection which arouses the greatest interest is the 
protein anabolic effect of the hormone, contrary to that of the ACTH 
which is considered protein catabolic. Pure STH reduces excretion of N 
in rats, and the hormone, together with testoids promotes synthesis of 
protein (13, 14, 28, 1, 12). Somatotropin causes a marked drop in the 
amino-acid content of the blood; protein synthesis probably utilises large 
amounts of the acid (13, 14, 15), whereas ACTH has the opposite effect. 
STH brings about an increase in the ribonucleic-acid content of the liver 
(13) and raises the nucleic-acid turnover in the thymus (14) which is 
important, considering the great physiological significance of nucleic acid, 
especially in connection with regeneration and healing of wounds. It is 
known that, under various forms of stress, augmented incretion of ACTH 
occurs simultaneously with decreased production of STH and gonadotropin. 
This appears when STH is concerned, in that growth in the young ceases 
and protein catabolism in adults increases (23). It should be added here 
that the effect of ACTH on the mucous membrane of the stomach seems to 
be both endocrine and exocrine; hormone treatment seemed to bring about 
a considerable increase in the secretion of uropepsin via the urine, but also 
increased production of pepsin (23). 

In experiments it has been observed that cortisone as well as ACTH 
retards and suppresses healing of wounds (17, 18, 25). On the other hand it 
has been proved that extract from the anterior lobe of the hypophysis 
containing growth hormone does not significantly affect the time required 
for healing of superficial wounds, in spite of its anabolic effect (6). Clinical 
experience has shown that cortisone treatment may cause perforation of 
ulcers (9). 


THE PRESENT INVESTIGATION 


The series consisted of 98 male guinea-pigs, 3 to 4 months old, 
of equal weight as far as possible, divided into 6 test series, including 
pre-tests. Eleven guinea-pigs were used as controls. — The guinea- 
pig must be considered a suitable animal for tests of this kind, not 
only because of its small size and easy availability in large numbers, 
but because anatomically, its stomach resembles that of man. 
Moreover, the guinea-pig does not appear to be liable to spontaneous 
ulceration, as are rats, for instance. 
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In order to obtain an even effect over a long period, the hista- 
mine was embedded in a mixture of beeswax and paraffin-oil, 
according to S. H. Walpole et al (26), and described by L.J. Hay 
et al. (10). 


Histamine dihydrochloride (Hoffman-LaRoche 4) is dried in a dessiccator 
and ground to a fine homogeneous powder in an agate mortar. Then 
600 mg of the powder is weighed out. The cleaned and dried mortar is 
heated. The powder and 0.8 cc of melted beeswax is put into the hot mortar. 
The mixture is stirred until homogeneous. Hot paraffin-oil, 2.8 cc, is 
added. The mixture is stirred again until homogeneous, and poured into 
a heated syringe rinsed in hot paraffin-oil to facilitate pliability. When 
the mixture has cooled down to room temperature, a semi-solid mass is 
obtained, containing approximately 100 mg histamine base per cc. 


This mixture was injected into the muscles of the back in daily 
doses corresponding to about 5 mg histamine base. — In the 
following all histamine measures will denote histamine base. — 
However, it was found extremely difficult to inject the precise dose 
and a large number of the animals died owing to shock. The compo- 
sition was modified to obtain a less elastic substance more easily 
administered in exact doses. To the histamine-beeswax mixture 
(600 mg + 0.8 cc) was added 4.6 cc paraffin-oil instead of 2.8 cc 
(600 + 0.8 + 4.6 = 1.5 (0.8—2.8) + 600). No other changes were 
made. A less elastic mixture containing approximately 67 mg hista- 
mine base per cc resulted. The guinea-pigs were given a daily 
intramuscular injection of approximately 2 mg of histamine base. 

In the STH tests, Phyol (A/S Alfred Benzon, Copenhagen) was 
used. This preparation is biologically determined in experiments on 
dwarf mice with pituitary dwarfism. Its potency is determined in 
dwarf mice units (D.U.). One D.U. is the smallest amount of 
growth hormone which, by daily injection, six days a week, for 
three weeks, into dwarf mice, produces an average weight increase of 
100 per cent. The guinea-pigs were given daily intramuscular 
injections of 0.2 cc which is equal to 2 D.U. 

The animals were kept isolated in cages, each test group separa- 
tely, in a room with windows, at a temperature of 20 + 2 C. They 
were fed with standardised food: hay, fresh grass, oats, and turnips. 
All tests were made in spring and summer. 


1 My thanks are due to Messrs S. A. F. Hoffman-La Roche & Co. Ltd. Co., 
for providing histamine for the experiments. 
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The guinea-pigs were decapitated at the end of the tests, the 
stomach was immediately removed and opened along the greater 
curvature. The contents were titrated, using a tenth normal sodium 
hydroxide, and as indicator, Congo paper for free hydrochloric 
acid (HCl), and phenolphthalein for the total hydrochloric acid (Ta). 

The stomach was dipped into a 10 per cent formalin solution 
and studied under the magnifying glass. Portions containing erosion 
and ulcer were cut out, likewise a strip, about 0.5 cm broad of the 
anterior wall, along the lesser curvature, from fundus to the upper 
duodenum. The removed portions were attached to a cardboard 
and fixed in 10 per cent formol. After embedding in paraffin in the 
ordinary way and cutting into sections, the preparation was stained 
according to the following methods: hematoxylin-van Gieson, 
Delafield’s hematoxylin-eosin, Heidenhain’s stain, Bauer-Feulgen 
stain, and mucicarmine stain. 


I, PRE-TEST 


In the first three pre-tests (1st, 2nd, 3rd series), comprising 34 
guinea-pigs weighing between 475 and 630 g, approximately 5 mg 
histamine base was injected daily. In the Ist series of 10 animals, 
7 died after the second injection and two after the third. One of the 
latter had an erosion in the ventricle. The tenth animal was killed 
six hours after the eighth injection; no erosion was observed. In 
the 2nd series, 4 animals died after the first injection, and 4 after 
the second, and 1 after the fourth. The only surviving guinea-pig 
was killed after the fifteenth injection. This animal had four ulcers, 
1.5 to 2 mm in diameter, situated in a depression of the anterior 
wall, on the border between fundus and corpus ventriculi, close to 
the greater curvature; the ulcers were surrounded by an edema- 
tous area. In the 3rd series, 2 animals died after the first injection 
but two animals were substituted. One guinea-pig died after the 
second injection and in it there was a prepyloric erosion. Another 
guinea-pig died after the eleventh injection but there were no 
changes in its ventricle. The remaining animals were killed after the 
sixteenth injection. Of these, 5 had erosions or ulcers and 3 had 
none. 

Furthermore, 2 guinea-pigs were given intramuscular injections 
of a fresh mixture of histamine in doses of not less than 5 mg, 
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partly to find out whether the dose was lethal and partly to observe 
whether they died in the same way as the former ones. — Both 
animals died 30 to 40 minutes after the injection, showing the same 
behaviour as those dying in the preceding tests. 

The pre-tests showed that there was difficulty in keeping the 
guinea-pigs alive during the test with the technique used — 
evidently due to the elasticity of the histamine mixture impeding 
administration of the exact dose, or to the dose being too large. 
The animals generally died within an hour of the injection, showing 
symptoms of suffocation. Before dying they had clonic cramp, 
finally lying unconscious and immobile, fighting for breath. In some 
of the animals, erosions were observed in the ventricle at an early 
stage, whereas in some there were no changes after histamine 
treatment for a considerable time. As a rule there was an edema in 
the mucosa of the ventricle; the congestion varied on the other hand, 
sometimes not being appreciable, sometimes local, and sometimes 
covering the entire ventricle and upper duodenum. — The hista- 
mine mixture was altered after the pre-tests. 


II. TESTS WITH HISTAMINE IN BEESWAX 


In one of the test series (4th test series) comprising 20 guinea- 
pigs, with an average weight of 514 g, histamine in beeswax was 
injected in daily doses of approximately 2 mg. — Four animals died 
20 to 40 minutes after the first injection, and these were replaced. 
One animal died after the second injection and another animal 
included. The ventricles are outlined and erosions and ulcers inserted 
in Fig. 1. 

Fig. 1 shows that 13 of 20 guinea-pigs (65 per cent) had an ero- 
sion or an ulcer. It is assumed that the frequency, particularly that 
of ulcers, would rise after prolonged histamine treatment because 
already these tests show that not only superficial erosions, but also 
deep ulcers, as revealed on histological examination, may be produced 
with this method in guinea-pigs after treatment of rather short 


duration. 


Histological Findings. — Ulcers here denoted changes pene- 
trating,the mucosa and mucosal muscle, and possibly still deeper, 
whereas erosions extended only to the mucosal muscle. A typical 
examination record is given to illustrate the histological picture. 
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4" TEST series 


x erosion 
® ulceration 
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Fig. 1. — Outlined ventricle showing frequency and localisation of erosions 
and ulcers in guinea-pigs treated with histamine in beeswax. 
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Fig. 2. -- Photomicrograph showing an ulcer in a guinea-pig treated with 

histamine in beeswax. The ulcer extends to the muscularis propria, part of 

which is necrotic. — Fixed in formalin. Stained with hematoxylin-eosin. 
x 30. 
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Fig. 3. — Picture showing small vessels in the submucosa below the erosion. 
The vessels are empty, the wall appears to be thickened, and the endothelium 
swollen. — Fixed in formalin. Stained with hematoxylin-eosin. x 270. 
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Fig. 4. — Photomicrograph showing an ulcer tending to heal. The submucosa 
is occupied by young, close connective tissue. A large area of the scar tissue 
surface, facing the lumen, is covered with undifferentiated, cubical epithelium 
(Fig. 5). — Fixed in formalin. Stained with hematoxylin — van Gieson. x 60. 
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Fig. 5. — Photomicrograph showing the epithelialized surface (Fig. 4) in larger 
magnification. — Fixed in formalin. Stained with hematoxylin — van Gieson. 
x 270. 
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5* TEST series 


YOO OG 


Died after Died ofter 





reer after 3rd i injection 5th injection 12thinjection 
“ wv 8 7 
Fig. 6. — Outlined ventricle showing the results of test series 5 in which the 
guinea-pigs were simultaneously given injections of histamine in beeswax 
and STH. 
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6 TEST series 
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Fig. 7. — Outlined ventricle showing the results of the tests in which the guinea- 
pigs were given injections of STH, followed by histamine and STH combined. 
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Fig. 8. — Photomicrograph showing an ulcer in the 5th test series. The mucosa 

and submucosa are lacking and the muscularis propria is necrotic. From the 

depth and sides grows young connective tissue, rich in capillaries, into the 

oecrosis. A firm elevation due to proliferation of connective tissue is found on 
the serosal side. 
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Fourth Test Series. — A deep ulcer was seen in the fundal region, 
surrounded by a wall. A reddish colour was visible through the serosa. 
There were four prepyloric erosions covered with clotted blood. An ulcer 
was microscopically seen, extending as far as the muscularis propria, a large 
part of which was necrotic (Fig. 2). The floor of the ulcer showed necrosis, 
largely structureless, partly glass-like, and partly sequestered. In the 
borders, towards the adjoining muscular layer and the mucosa, the struc- 
ture was net-like, and nuclear debris was seen. The mucosa surrounding 
the ulcer was edematous and the apical capillaries, the capillaries in the 
glandular stroma, and the pre-capillaries of the base of the mucosa were 
filled with blood. The covering epithelium seemed to be normal. Close to 
this area there was a superficial erosion, where the covering epithelium 
and the most superficial parts of the glandular epithelium were lacking 
and the deep glandular ducts were necro-biotic. The septal capillaries in 
this part were full with blood. The submucosa showed prolific edema around 
the first mentioned ulcer and some distance outside it. The submucosa 
adjoining the necrosis had the character of granulation tissues. Fairly 
numerous granulocytes were visible. The serosa was thickened due to pro- 
liferation of connective tissue. Secretion of mucus seemed to be decreased 
in the regions next to the ulcer and erosion. 

In the parts where an incipient erosion was observed hyalinization of 
the glandular cells seemed to set in; the cells became smaller, and the 
plasma, the structure of which was slightly granulated as a rule, became 
more homogeneous. 


Without entering into detailed discussion of the histological 
findings, I may mention that the changes in the ventricle appeared 
to be due to primary circulatory disorders and vascular injury 
caused by histamine. My assumption is based on the prolific edema 
observed, and the full capillaries — although erosions occurred 
even when the vessels were not full of blood — and on the fact 
that ulcers were present in some animals at an early stage of the 
test. The small vessels which often had a swollen endothelium pro- 
vided another sign of circulatory disorder. Fig. 3 shows small ves- 
sels in the submucosa below the erosion; they are empty, the wall 
appears to be thickened, and the endothelium is swollen. 

The case illustrated in Fig.4 shows that an acute ulcer has a great 
tendency to heal. The submucosa was filled with fresh, dense 
connective tissue with incipient collagenisation. The connective 
tissue became less firm and edematous towards the adjoining mucosa 
and towards the muscularis propria, and some granulocytes were 
present. On the surface, towards the lumen, large parts of this 
scar tissue were covered by an undifferentiated, cubical epithelium 
(Fig. 5). 
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Chemism of the Stomach. — The stomach was generally filled 
with a fairly thick mass, both in animals dying and those killed. 
The ventricular contents of 15 animals of the 4th series was titrated; 
four of these had died about an hour after the first injection and 
the others had been killed about 6 hours after the twelfth histamine 
injection. The HCl value of the former varied between 10 and 17.5 
and the Ta between 15 and 40. Among the latter, one Congo was 
negative and Ta 40. In the remaining 10, the HCl varied between 
2.5 and 62.5 and Ta between 15 and 75. In general the HCl degree 
in the latter was 20 to 30 and Ta 35 to 40. The Congo test was 
negative in 4 of the 5 controls, and in one 10, and Ta 15 to 22.5 — 
The acidity provoked by histamine did not reach the extreme values 
which L. J. Hay ef al. (10) and H. Remé (19) observed in dogs — 
HCI 120 to 150 — but, in general, it was much higher than that 
of the controls. And, considering that the hyperacidity lasting at 
least 10 hours occurred 10 to 15 minutes after the injection (10, 19), 
also this fact must be regarded of great significance in the patho- 
genesis of these experimental ulcers. 


III. rests with STH 


Two series of tests (Sth and 6th) were made with histamine and 
STH treatment. The guinea-pigs were given daily intramuscular 
injections of 0.2 cc for 20 days. This period of treatment was chosen 
as it is equal to the time required for standardisation of the hormone 
in dwarf mice. — For therapeutical use in children, a daily dose of 
0.2 cc, gradually increased to 2 cc has been used. 

In the first test series, 5th series, comprising 10 guinea-pigs, 
average weight 512 g, simultaneous injections of approximately 2 mg 
of histamine in beeswax and 0.2 cc of Phyol into the abdominal 
muscles were given. — The ventricles are outlined in Fig. 6. 

Three of the 5 surviving guinea-pigs which were killed about 
6 hours after the twentieth injection had ventricular ulcers (60 
per cent) and 2 of those dying at an early stage had erosions. . 

Although no formation of antihormone has been observed 
with the use of STH (11), I considered necessary to change the tests 
after my first experience of STH, in spite of no tendencies to de- 
crease the frequency of histamine ulcers occurring in these experi- 
ments: the guinea-pigs were first given only Phyol and then Phyol 
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and histamine together, the latter over a period of 12 days, as in 
the previous tests (4th test series). The animals, a total of 20, ave- 
rage weight 431.2 g, were given 0.2 cc of Phyol daily for 8 days, 
followed by approximately 2 mg histamine in beeswax and 0,2 cc 
of Phyol for 12 days (6th test series). The results are seen from 
Fig. 7. — In this series, 19 of 20 animals survived. Erosions were 
observed in three ventricles (16 per cent). An ulcer was, however, 
revealed in the animal dying after the fourth histamine-Phyol 
injection. As mentioned in the introduction of this paper in con- 
nection with experiences gained from previous investigations, 
and as seen from the pre-tests in the present study, the varying 
results obtained in the ulcer experiments with histamine must be 
taken into account, yet it may be said that SHT, under the circum- 
stances in these tests, has an inhibiting effect on the development of 
histamine ulcers. No signs in the form of scar formation denoting 
healing of the ulcers were observed. The histological examination 
revealed no divergencies between these and the guinea-pigs treated 
only with histamine. As already mentioned, the serosa is often 
thickened (Fig. 2) in connection with these experimental histamine 
ulcers. Fig. 8 shows an ulcer (5th test series) on the margin between 
fundus and corpus. On the serosal side there was a firm elevation 
as large as half a pea. The mucosa and the submucosa were lacking, 
and muscularis propria was necrotic. New connective tissue, rich 
in capillaries, grew from the depth and walls into the necrosis. 
The ulcer was in the process of healing, though no epithelization was 
observed, as in one of the guinea-pigs treated only with histamine 
(Figs. 4 and 5). 


Chemism of the Stomach. — The contents of the stomach of all 
guinea-pigs in the 6th series were titrated. The HCl degree varied 
between 5 and 32.5 and the Ta from 10 to 47.5. In general the 
HCl degree varied between 20 and 30, and the Ta between 25 and 
35. The degree of acidity was about equal to that in the animals 
treated only with histamine. 


CONCLUSION 


The pre-tests showed that the consistency of histamine in 
beeswax prepared according to L. J. Hay et al. was too elastic for 
precise dosage in the ulcer experiments on guinea-pigs. This fact, 
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and a dose of approximately 5 mg of histamine base caused a loss 
of a large number of animals due to shock at the beginning of the 
test. However, the elasticity of the mixture was reduced by adding 
more liquid paraffin than prescribed in the original method, and the 
animals were given injections of only about 2 mg of histamine base. 
The majority survived, yet often showing definite signs of shock. 

In a series comprising 20 guinea-pigs (4th test series), erosions 
or ulcers occurred in 13 (65 per cent) after treatment with histamine 
in beeswax for 12 days. On histological examination it was found 
that about half of the animals had true ulcers which penetrated the 
muscularis mucosae and submucosa. There were signs of the 
primary injury being circulatory disorders and vascular damage. 
The acidity of the ventricle of the guinea-pigs treated with hista- 
mine was much higher as a rule than in the controls. The high 
acidity which ought to persist for a long time, probably co-operates 
in the arisal of erosions and ulcers in ventricles containing primarily 
injured vessels. 

Erosions and ulcers occurred as frequently in the guinea-pigs of 
the 5th test series given simultaneous injections of histamine in 
beeswax and STH (60 per cent), each separately, as in those given 
only histamine. If, on the other hand, the guinea-pigs were treated 
with STH prior to simultaneous injection of histamine and STH, 
the frequency of erosions and ulcers (16 per cent), under the condi- 
tions prevailing (6th test series), was less than in those given only 
histamine (4th test series) or histamine and STH (5th test series). 
No signs of healing of erosions or ulcers possibly present in the 
early stages of the test were observed. The degree of acidity in the 
animals treated with histamine and STH simultaneously was on the 
same level as in those given histamine only. Thus the acidity which 
evidently plays a part in the pathogenesis of ventricular altera- 
tions, cannot be influenced by the hormone in question. 


SUMMARY 


Attempts were made to produce gastric ulcers in guinea-pigs 
by histamine in beeswax, according to L. J. Hay ef al. (10). Further- 
more, bearing in mind the protein-anabolic effect of STH, endeav- 
ours were made to reduce the frequency of these ulcers. A large 
number of guinea-pigs died during the three pre-tests owing to the 
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elasticity of the histamine-beeswax mixture rendering difficult 
injection. Pliability was improved by adding a larger quantity of 
paraffin-oil than prescribed in the original method, and the dose 
was decreased from approximately 5 mg histamine base daily to 
about 2 mg. In one of the test series comprising 20 guinea-pigs, 
erosions and ulcers developed in 65 per cent after histamine treat- 
ment for 12 days. The histological examination revealed about 
50 per cent of these to be ulcers. It seems as if the mentioned 
changes in the stomach were due to primary disorders in the circul- 
ation and vascular injury caused by histamine, yet the high acidity 
compared with the controls should also be considered significant in 
the pathogenesis of erosions and ulcers. 

Tests were made with simultaneous injection of histamine and 
STH, each separately, for 20 days. No difference in the frequency 
of erosions and ulcers in the guinea-pigs, compared with the animals 
given only histamine was observed. If the guinea-pigs were treated 
with STH for 8 days, before injection of histamine and STH for 
12 days, then the frequency of ventricular alterations diminished, 
being 16 per cent in the test series comprising 20 animals. The acid- 
ity was high also in these animals and about the same as in those 
treated only with histamine. 
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